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(57) Abstract 

A system and method 
effectively cleans head 
assemblies and data storage 
disks without damage. In 
one embodiment, the system 
includes a cleaning pad and 
a head disposed within a 
disk drive. An actuator is 
placed in communication 
with the head such that the 
actuator can produce two 
independent movements 
of the head. One of the 
independent movements 
may include reciprocal 
movement of the head while 
it is proximate the cleaning 
pad. Alternatively, or in 
addition to the reciprocal 
movement, the actuator 
may vary the amount of 
force exerted on the head 
by the cleaning pad. In an 
alternative embodiment, a 

cleaning system for removing contaminants from a removable data storage disk includes a housing adapted to receive the disk and a 
cleaning pad rotatably mounted within the housing proximate the disk to remove the contaminants from the disk. The system further 
includes a pad-cleaning component in communication with the cleaning pad such that the contaminants are removed from the pad. 
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SYSTEM AND METHOD FOR CLEANING HEAD ASSEMBLIES 
AND DATA STORAGE DISKS 



BACKGROUND OF THE INVENTION 



1. Field of the Invention : 

5 The present invention relates to cleaning sensitive electronic and data storage equipment 

and, more particularly, to a system and method for cleaning head assemblies and data storage 
disks. 

2. Discussion of the Related Art : 

Many types of disk drives that accept a removable data storage disk are popular in 

10 today's market, including, for example, optical disk systems, such as CD ROM drives, audio CD 
players, and digital videodisc (DVD) players, as well as magnetic and magneto-optic disk drives. 
Accordingly, the term "data storage disks" represents a variety of media, including music and 
video discs as well as computer-related components. 

It is well known in the industry that disk drives are sensitive to dust and other 

15 contaminants both on the head assembly and the disk itself In this regard, removable media disk 
drives typically differ from sealed head disk assembly (HDA) drives in that the latter are 
assembled in a substantially dust-free environment with the disks permanently installed therein 
before the units are sealed. Although HDA drives typically include a small hole to equalize 
pressure, harmful airborne contaminants (e.g., dust particles) rarely affect the performance of the 

20 unit. Because the location of the source of external air is precisely known in an HDA drive, the 
air flow through this hole can be filtered to prevent contamination of the internal environment. 
Conversely, removable media disk drives can be more easily affected by the external 
environment, such as contaminants carried on a disk's surface, contaminants drawn into the unit 
during operation, and the like. 

25 Conventional optical disk drives can be particularly sensitive to contaminants. The head 

assembly of an optical disk drive typically includes an objective lens that focuses a laser beam 
onto a recording layer of a disk to write data on or read data from the disk. Therefore, the 
freedom of the surface of the objective lens from interfering or obscuring contaminants is 
important to maintain acceptable optical characteristics. One common configuration of a head 

30 assembly is a flying head which maintains the proper non-contact positioning of the head 
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assembly relative to the surface of the disk by using aerodynamic principles to maintain the 
surface of the head assembly at a predetermined distance above the surface of the disk. A 
general description of the operation of a flying head is given in co-pending U.S. Patent 
Application Serial No. 08/804,301, which is hereby incorporated by reference in its entirety. It is 
5 important to minimize contaminants on the surface of the objective lens and flying head to 

prevent operating problems, such as noise, reading/recording signal error, and the like. However, 
while a removable media disk drive is in use, the disk rotation produces air circulation through 
the drive, which can suck contaminants into the drive and onto the surface of the components 
therein. 

10 Accordingly, methods and apparatuses have been developed to clean the head assembly 

of a disk drive. As shown in Figs. 1 and 2, one conventional method involves inserting a cleaning 
disk 10 into a disk drive 12 to brush or wipe contaminants from an objective lens 14. Cleaning 
disk 10 is typically the same size as the data storage disk to be used in disk drive 12 and has a 
cleaning pad 16, including a brush 16a and a fabric backing 16b, disposed on the surface thereof. 

15 Fabric backing 16b can be bonded to the surface of the cleaning disk 10 at an appropriate 
position. Cleaning disk 10 is secured on a clamping apparatus 18 mounted on a spindle 20. 
Objective lens 14 is supported on a crossmember 22, which is slidably attached to a pair of guide 
shafts 24a, 24b to allow linear movement of lens 14 relative to cleaning disk 10. In operation, 
cleaning disk 10 is rotated by spindle 20, and crossmember 22 is positioned such that objective 

20 lens 14 is in the path of cleaning pad 1 6. Brush 16a contacts the surface of objective lens 14 to 
wipe the lens during each revolution of the cleaning disk. 

Drawbacks of this cleaning method include its dependency on human memory to initiate 
the cleaning operation. Also, because certain parameters, such as brush length, contact force, and 
the like, are roughly controlled, damage to the objective lens or insufficient cleaning is common. 

25 As demand for higher capacity optical disks has grown, flying heads have become more 

common. The aforementioned cleaning method, however, was developed before flying heads 
were commonplace and, accordingly, is not well suited for this new technology. Typically, a 
flying head is carefully supported on a very thin and delicate support member, and the position 
and angle of the flying head are carefully calibrated during the manufacturing process so that the 

30 head can function properly. This suspension and positioning can be easily damaged during rough 
cleaning operations. 

In U.S. Patent No. 5,486,970, Lee et al. disclose a cleaning apparatus for a flying head. 



BNSOOCID: <WO 9S53455A2J_> 



WO 98/53455 



-3 - 



PCT/US98/1 0342 



The apparatus consists of a cleaning pad mounted on a base located adjacent a disk in a disk 
drive. The cleaning pad is positioned in the path taken by the head as it moves away from the 
disk to allow removal of the disk from the apparatus. In this manner, the head is wiped once as it 
moves away from the disk and again as it moves towards the disk into a read/write position. The 
5 short wiping stroke of the Lee apparatus, however, is not suitable for removing stubborn 
contaminants which may remain on the head after wiping. 

In addition to a head assembly, air flow through a disk drive (especially an optical disk 
drive) can deposit dust, dirt, and other contaminants on the disk itself, resulting in 
reading/recording signal error and damage to the disk and/or head assembly. Accordingly, 

1 0 several methods and apparatuses have been developed for cleaning optical disks. 

Two such methods are depicted in Fig. 3. The first involves using a hand pump 30 to 
blow contaminants from the surface of an optical disk 32. The second involves wiping the disk 
surface with a lint-free cloth 34. Both of these methods can be troublesome for the user as care 
must be taken not to stain the disk with fingerprints during the cleaning operation. 

15 As shown in Fig. 4, a conventional disk cleaning unit includes a housing 40 adapted to 

receive an optical disk 32 therein. After a user has inserted disk 32 into the cleaning unit, a 
cleaning pad 42 disposed within housing 40 collects contaminants from the disk surface while 
the disk is rotated. When cleaning is complete, the user ejects disk 32 from the cleaning unit and 
delivers the same to a point of use or storage. In addition to the obvious disadvantages involved 

20 with storing the housing and remembering to periodically use the cleaning unit, the cleaning pad 
tends to become saturated with contaminants, thereby losing its effectiveness and even damaging 
the disk. 

To date, there is no efficacious and convenient system or method for removing stubborn 
contaminants from a head assembly or a removable data storage disk without increasing the risk 
25 of damage to these components. 



Accordingly, the present invention is directed to an improved system and method for 
cleaning head assemblies and data storage disks. 

In one embodiment, the cleaning system includes a cleaning pad and a head disposed 
30 within a disk drive. An actuator is placed in communication with the head such that the actuator 
can produce two independent movements of the head. One of the independent movements may 
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include reciprocal movement of the head while it is proximate the cleaning pad. Further, the 

actuator may be placed in communication with the head such that the actuator can vary the 

amount of force exerted on the head by the cleaning pad. 

In various alternative embodiments, the head may be a flying or non-flying head, or the 
5 apparatus may include both types of heads. The apparatus may further include a ratchet wheel 

rotatably mounted within the disk drive and attached to the cleaning pad such that rotation of the 

ratchet wheel rotates the cleaning pad. 

In another alternative embodiment, the system includes a cleaning pad and a head 

disposed within a disk drive. An actuator is placed in communication with the head such that the 
10 actuator can vary the amount of force exerted on the head by the cleaning pad. Optionally, the 

actuator may be in communication with the head such that the actuator can provide reciprocal 

movement of the head while the head is proximate the cleaning pad. 

In another alternative embodiment, a method for removing contaminants from a head 

using a cleaning pad is provided. The method includes the steps of positioning a first portion of 
15 the cleaning pad and the head proximate each other before providing reciprocal motion between 

the head and the cleaning pad while the head and cleaning pad are proximate each other. The 

method may further include the step of controlling the amount of force exerted on the head by 

the cleaning pad to simultaneously clean and prevent damage to the head. The method may 

further include the step of moving the cleaning pad after the step of providing reciprocal motion 
20 to align a second portion of the cleaning pad for proximate positioning with the head during a 

subsequent cleaning cycle. 

In another alternative embodiment, the method includes the steps of positioning a first 

portion of the cleaning pad and the head proximate each other and controlling the amount of 

force exerted on the head by the cleaning pad to simultaneously clean and prevent damage to the 



In another alternative embodiment, a cleaning system for removing contaminants from a 
removable data storage disk is provided. The system includes a housing adapted to receive the 
disk and a cleaning pad rotatably mounted within the housing proximate the disk to remove the 
contaminants from the disk. A pad-cleaning component is placed in communication with the 
30 cleaning pad such that the contaminants are removed from the pad. In alternative embodiments, 
the pad-cleaning component may include a substantially rigid member positioned proximate the 
cleaning pad as the pad is rotated and/or at least one electrically charged plate in communication 



25 



head. 



BNSDOCID: <WO 9853455A2J_> 



WO 98/53455 




PCT/US98/10342 



with the cleaning pad as the pad is rotated such that the contaminants are removed from the pad 
by electric force. 

BRIEF DESCRIPTION OF THE DRAWINGS 
It is to be understood that the following drawings are for the purpose of illustration only 
5 and are not intended as a definition of the limits of the invention. In this regard: 

Fig. 1 is a perspective view of a conventional cleaning disk for cleaning an objective 

lens; 

Fig. 2 is a perspective view partially cut-away of the conventional cleaning disk of Fig. 1 
as it is used for cleaning an objective lens of a non-flying head; 
10 Fig. 3 is perspective view of a conventional disk cleaning apparatus; 

Fig. 4 is a perspective view partially cut-away of another conventional disk cleaning 
apparatus; 

Fig. 5 is a perspective view partially cut-away of a cleaning system according to one 
embodiment of the present invention; 
15 Fig. 6 is a cross sectional view showing an aspect of a cleaning system according to one 

embodiment of the present invention; 

Fig. 7 is a perspective view of a cleaning system according to another embodiment of the 
present invention; 

Fig. 8 is a perspective view partially cut-away of a cleaning system according to another 
20 embodiment of the present invention; 

Fig. 9 is a cross sectional view of one embodiment of the present invention; and 
Fig. 10 is a cross sectional view of another embodiment of the present invention. 

DETAILED DESCRIPTION 
As shown in Fig. 5, one embodiment of the present invention includes a cleaning system 
25 having a disk drive 50 with a cleaning pad 52 and a head assembly 54 disposed therein. A first 
actuator 56 may be placed in communication with head assembly 54 such that actuator 56 is 
capable of positioning head assembly 54 proximate cleaning pad 52. As best seen in Fig. 6, a 
second actuator 58 is placed in communication with head assembly 54 to move head assembly 54 
while it is proximate cleaning pad 52. This motion, which may be reciprocal motion, can be 
30 maintained in this manner until contaminants are dislodged or otherwise collected from head 
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assembly 54 onto cleaning pad 52. Optionally, second actuator 58 is capable of controlling the 
amount of force exerted on head assembly 54 by cleaning pad 52. 

As used herein, the term "proximate," when used to describe the physical relationship 
between a cleaning pad and an item to be cleaned, means that the cleaning pad is sufficiently 
5 close to an item to be cleaned (e.g., a disk) that subsequent relative movement will tend to 

dislodge contaminants from the item. In this context, "proximate" can include physical contact, 
although it is contemplated that some contaminants, such as dust fibers, may become electrically 
charged in certain environments and, therefore, may not require physical contact to be removed. 
Accordingly, depending on the type and amount of contaminants present on the item to be 
10 cleaned, "proximate" positioning may vary. 

In various embodiments, disk drive 50 may include a housing (not shown), which is 
preferably formed of a rigid material to provide protection for the equipment contained therein. 
Although the present invention is directed to cleaning head assemblies and/or data storage disks, 
it is preferred that the housing is sealed in as many locations as possible, thereby making it 
1 5 difficult for dust and other contaminants to enter the system. The skilled practitioner will 
appreciate that the housing can vary in size to be, for example, much larger than the other 
cleaning system components contained therein, such as the casing of a personal computer or a 
digital videodisc player, or only slightly larger than the other components, such as the casings of 
most internal CD ROM drives. 
20 In the embodiment shown in Fig. 5, cleaning pad 52 includes a brush 60 and a backing 

62. Brush 60 may be, for example, substantially permanently disposed on backing 62 with 
conventional adhesive materials, such as glue, epoxy resins, and the like. Backing 62 may be 
rigidly mounted in an appropriate position in the housing. Brush 60 preferably comprises soft 
and/or flexible fibers, such as nylon, polypropylene, acrylic, animal fur (such as rabbit fur), and 
25 the like. Even though the term "brush" is used, it will be readily apparent to the skilled 

practitioner that the brush surface may be bristled , woven cloth, non-woven cloth (e.g., felt), or 
other forms of material selected in light of discrete circumstances encountered in a given 
application. Backing 62 may be formed of a substantially rigid material, such as a metal, a hard 
plastic, or the like, to provide force against head assembly 54 when the head assembly is in 
30 contact with pad 52. Alternatively, backing 62 may be a rigidly suspended flexible material. 

Head assembly 54 may be transported by first actuator 56 from a first location wherein 
the head assembly is positioned to read/write data from/to a disk 64 to a second location wherein 
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the head assembly is proximate cleaning pad 52. Although a linear actuator is shown in Fig. 5, it 
will be understood that first actuator 56 may be chosen from other art recognized actuators, such 
as rotary actuators and the like, that are capable of transporting the head assembly. In this regard, 
actuator 56 may include a crossmember 66, a pair of guide shafts 68a and 68b, and a coarse 
linear actuator shaft 70. head assembly 54 may be disposed on crossmember 66 such that the 
movement of the crossmember along shafts 68a and 68b transports the head assembly. In 
operation, the rotation of linear actuator shaft 70 moves crossmember 66 along shafts 68a and 
68b, which guide the movement of head assembly 54 between the read/write position and the 
cleaning position. 

Head assembly 54 of the present invention may function on magnetic, magneto-optic, or 
optical principles and can incorporate a non-flying head having an objective lens 69 and/or other 
non-contact transducers, such as a flying head 71. Head assembly 54 may also accommodate 
other circuit components. As best seen in Fig. 6, head assembly 54 is preferably slidably and 
rotatably disposed about a shaft 72, which enables second actuator 58 to be placed in 
communication with head assembly 54 such that actuator 58 is capable of moving head assembly 
54 while it is proximate cleaning pad 52. Shaft 72 is preferably fixed to a stator housing 74, 
which may include a plurality of permanent magnets 76. Head assembly 54 may include a 
plurality of coil sets with iron or equivalent cores 78 disposed in an opposing relationship with 
magnets 76. By controlling the value, the timing, and the combination of current passing through 
coil sets 78, head assembly 54 may be rotated and vertically moved. Varying the polarity of 
magnetic field generated by the coil sets 78 can produce rotary motion, while varying the total 
current applied can produce vertical motion. Rotary motion is produced in the conventional 
manner of rotary stepping motors, for example. A static balance exists between the magnets 76 
and the cores of the coil sets 78. Vertical motion is produced because the total field induced by 
the current applied to the coils alters the static balance between the magnets 76 and the cores of 
the coils sets 78. In this manner, important cleaning parameters may be readily controlled. If, 
for example, the head being cleaned is a non-flying head having an objective lens 69, the upward 
force exerted by second actuator 58 may be relatively strong. Conversely, if the head being 
cleaned is a flying head 71, the upward force exerted by second actuator 58 may be carefully 
controlled to prevent damage to the delicate suspension mechanism. 

In a preferred embodiment, actuator 58 is capable of reciprocal motion, thereby rotating 
head assembly 54 and moving or wiping the head assembly components across cleaning pad 52 
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repeatedly to increase cleaning effectiveness and efficiency. Preferably, head assembly 54 is 
rotated in a first direction (depicted by arrow 80) and then reversed and rotated in a second 
(opposite) direction (depicted by arrow 82) several times within an angle of rotation, which can 
be varied depending on the size and number of components to be cleaned. 

5 In the embodiment shown in Fig. 6, flying head 71 is mounted on a spring arm 84 and 

positioned near the surface of data storage disk 64. In operation, disk 64, which is typically 
formed of specially coated aluminum, glass, or plastic, rotates at high speeds, e.g., approximately 
3600 RPM, thereby causing an air flow in the direction of rotation, near the surface of the disk. 
The air flow passing between the surface of disk 64 and head 71 form a cushion of air which 

10 generates a separating force between the head and the disk to prevent contact between the head 
and the disk. 

The lowest height at which a head can fly without making contact with the disk surface is 
defined as the minimum glide height. To prevent inadvertent contact with the disk, flying heads 
are typically adjusted (either during manufacture or during operation) to maintain a tolerance 

15 band between the actual flying height and the minimum glide height. The size of this tolerance 
band can be affected by various manufacturing and operational parameters, such as variations in 
altitude (i.e., ambient air density), radial position of the head on the disk, asperities (i.e., 
microscopic bumps or roughness) in the disk surface, flatness of the disk surface, and skew angle 
of the head relative to a line tangential to a track. Airborne contaminants must also be considered 

20 in formulating an acceptable tolerance band. As discussed above, disk rotation produces air 

circulation through the drive, which can suck contaminants into the drive and onto the surface of 
the flying head and/or the disk. Over time, the accumulation of contaminants on these surfaces 
can interfere with optics or other elements carried by the head and may even result in contact 
between the flying head and the disk, possibly resulting in serious damage to the system or the 

25 disk itself. Therefore, despite its delicate suspension system, effective cleaning of the flying head 
is desirable to prevent or lessen the likelihood of disk or system failure. In this regard, the 
upward and rotational motion of second actuator 58 may be combined to effectively clean flying 
head 71 without damage. 

Another embodiment of the present invention is shown in Fig. 7, wherein a 

30 cleaning pad 86 includes a substantially rigid, circular backing 88 and a cleaning brush 90. 
Backing 88 is connected to a shaft 92, which is in turn connected to a ratchet gear 94 having a 
plurality of teeth 95. A first plate or pawl 96 is mounted on crossmember 66 of first actuator 56. 
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A second plate or pawl 98 is mounted within the housing and positioned to engage one of the 
plurality of teeth 95 of ratchet gear 94. 

In operation, first actuator 56 transports head assembly 54 to a position proximate 
cleaning pad 86 to clean objective lens 69 and/or flying head 71. As head assembly 54 nears the 
5 cleaning position, first plate 96 engages ratchet gear 94 and rotates the gear a certain angle. 
Accordingly, cleaning pad 86 also rotates to provide a relatively clean surface of brush 90 for 
proximate positioning with head assembly 54. Second plate 98 prevents ratchet gear 94 from 
reversing direction as head assembly 54 is cleaned. Second plate 98 is preferably spring loaded to 
provide friction against ratchet gear 94 thereby preventing the gear from moving as head 
10 assembly 54 is returned to the read/write position. In this manner, cleaning pad 86 can rotate and 
provide a different portion of brush 90 for a subsequent cleaning cycle. Even though brush 90 
will eventually rotate through its original position, the consistent rotation of brush 90 tends to 
distribute captured contaminants more evenly along its surface, thereby prolonging the effective 
life of the cleaning pad. 

15 With reference to Fig. 8, another embodiment of the present invention includes a housing 

(not shown) adapted to receive a removable data storage disk 100 on, e.g., a turntable 102. A 
head assembly 104 is disposed within the housing and can be mounted on a linear actuator 106 or 
the like to provide access to various portions of disk 100 or to head assembly cleaning 
components (not shown), for example, as discussed above in connection with Figs. 6-and 7. A 

20 cleaning pad 108 is rotatably mounted within the housing, proximate disk 100. As shown in Figs. 
9 and 10, cleaning pad 108 preferably includes a brush 1 10 bonded to a substantially rigid, 
cylindrical core 1 12. The brush may be formed of any of the materials previously indicated as 
appropriate for use with cleaning pad 52 and, further, may also be formed of an inductive 
material that retains a positive or negative charge on its surface for a period of time, for example 

25 using radioactivity, to attract contaminants. 

In cleaning mode, disk 100 and cleaning pad 108 may be counter-rotated at appropriate 
speeds to dislodge or otherwise remove contaminants from the disk. In the embodiment shown 
in Fig. 9, a pad-cleaning component in the form of a substantially rigid member 1 14 is positioned 
proximate cleaning pad 108 as it rotates. In this manner, the contaminants collected from disk 

30 100 are removed from pad 108, thereby providing a rejuvenated cleaning surface. Member 1 14 is 
preferably formed as a shaft made from a metal, such as iron or brass, or from plastic materials. 
Optionally, member 1 14 may be electrically charged or otherwise treated (e.g., using 
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radioactivity) to attract or repel contaminants, as desired, to increase pad-cleaning efficiency. A 
container 116 may be positioned below member 114 and cleaning pad 108 to receive the 
contaminants that are dislodged from pad 108. Optionally, container 1 16 may be electrically 
charged or otherwise treated, as discussed above, to attract contaminants and prevent the same 
5 from moving about the housing and re-contaminating the disk surface or other system 
components. 

Fig. 10 depicts another method of refreshing cleaning pad 108. As discussed above, disk 
100 and cleaning pad 108 are rotated proximate each other to remove contaminants from the 
disk. These contaminants typically carry (static) electrical charges due to rapid movement 
10 through the air or moving contact with disk 100, which can cause the contaminants to adhere to 
the disk. During the cleaning operation, cleaning pad 108 captures these charged contaminants, 
and they adhere to the pad. To remove the charged contaminants from the pad, at least one 
electrically charged plate 1 18 is positioned proximate pad 108 as the pad rotates. Plate 1 1 8 is 
preferably formed of iron, brass, aluminum, or a similar electrically conductive material, and 
1 5 may have a coated layer on its surface, such as a layer of polytetrafluoroethylene or the like. 

Two plates 118 and 120 may be used, with two charging means 122 and 124 connected to 
the plates. Each plate is charged at a different pole; for example, plate 1 1 8 can have a positive 
charge and plate 120 can have a negative charge. As the charged contaminants move across plate 
1 18, negatively charged contaminants are attracted by the positive charge of the plate and are 
20 captured. The positively charged contaminants pass and remain on cleaning pad 108. However, 
as the positively charged contaminants move across plate 120, they are attracted by the negative 
charge of the plate and are captured. The newly refreshed pad 108 can then capture additional 
charged contaminants from the disk surface. After the cleaning operation is completed, plates 
1 18 and 120 are allowed to move away from cleaning pad 108 and charging means 122 and 124 
25 are deactivated. The contaminants are now free from the electric force and can fall into container 
1 16 positioned below the plates. 

Another method of refreshing cleaning pad 108 includes directing an airstream proximate 
cleaning pad 108 to dislodge contaminants therefrom. Air flow can be provided by, for example, 
a fan (not shown) or by the rotation of disk 100 on turntable 102. A compartment or a series of 
30 compartments may be provided in the housing to direct the air flow proximate brush. A 

compartment configuration suitable for this purpose is described in co-pending U.S. Patent 
Application Serial No. , entitled A DUST PROOF APPARATUS FOR 
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REMOVABLE DATA STORAGE, filed concurrently with the present application by the same 
inventors and hereby incorporated by reference herein in its entirety. The air flow 
compartment(s) may include a small breathing hole which allows the air within the compartment 
to be continuously replenished during operation. If provided, the fan may be disposed proximate 
5 the breathing hole to maintain a positive air pressure in the compartment relative to the air 
pressure of the environment outside, thereby drawing air through the breathing hole and 
circulating the same through the compartment. Air entering the compartment may be 
advantageously forced to flow through a filter disposed in the air flow path between the 
breathing hole and the fan. This air filter may be of any type suitable for removing particles, 

10 gases, etc., which are undesirable in the media environment. The air filter may be, for example, 
a block, pad, sheet, or other configuration of fibers, textile, or cloth made from either natural or 
plastic fibers, or a combination thereof. The filter also may include charcoal, ceramic or 
adhesive material. The filter may also be formed of inductive material that retains a positive or 
negative charge on its surface for a period of time, for example using radioactivity, thereby 

15 attracting contaminants. 

It will be understood that each of the elements described above, or two or more together, 
may also find utility in other applications differing from those described above. While the 
invention has been illustrated and described as embodied in a system and method for cleaning 
head assemblies and data storage disks, it is not intended to be limited to the details shown, since 

20 various modifications and substitutions may be made without departing in any way from the 
spirit of the present invention. For example, other conventional disk or head assembly cleaning 
methods may be used in conjunction with the present invention as dictated by specific system 
requirements. Likewise, one or more components herein disclosed may be incorporated in a 
sealed HDA drive or the like. 

25 Further modifications and equivalents of the invention herein disclosed will occur to 

persons skilled in the art using no more than routine experimentation, and all such modifications 
and equivalents are believed to be within the spirit and scope of the invention as defined by the 
following claims. 
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CLAIMS 



1 . A cleaning system for removing contaminants from a head in a disk drive, said system 
comprising: 

a) a cleaning pad disposed within the disk drive; 
5 b) a head disposed within the disk drive; and 

c) an actuator in communication with the head such that the actuator can produce 
two independent movements of the head. 

2. The cleaning system of claim 1, wherein one of the independent movements includes 
reciprocal movement of the head while the head is proximate the cleaning pad. 

10 3. The cleaning system of claim 1 , wherein the actuator is in communication with the head 
such that the actuator can vary the amount of force exerted on the head by the cleaning pad. 

4. The cleaning system of claim 3, wherein the head is a flying head. 

5. The cleaning system of claim 4, further comprising a non-flying head. 

6. The cleaning system of claim I, further comprising a ratchet wheel rotatably mounted 
15 within the disk drive and attached to the cleaning pad such that rotation of the ratchet wheel 

rotates the cleaning pad. 

7. A cleaning system for removing contaminants from a head in a disk drive, said system 
comprising: 

a) a cleaning pad disposed within the disk drive; 
20 b) a head disposed within the disk drive; and 

c) an actuator in communication with the head such that the actuator can vary the 
amount of force exerted on the head by the cleaning pad. 

8. The cleaning system of claim 7, wherein the actuator is in communication with the head 
such that the actuator can provide reciprocal movement of the head while the head is proximate 

25 the cleaning pad. 
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9. The cleaning system of claim 7, wherein the head is a flying head. 

10. The cleaning system of claim 9, further comprising a non-flying head. 

1 1 . The cleaning system of claim 7, further comprising a ratchet wheel rotatably mounted 
within the disk drive and attached to the cleaning pad such that rotation of the ratchet wheel 

5 rotates the cleaning pad. 

12. A method for removing contaminants from a head using a cleaning pad, said method 
comprising the steps of: 

a) positioning a first portion of the cleaning pad and the head proximate each other u3i . 

and - A.-j 

10 b) providing repeated reciprocal motion between the head and the cleaning pad while 

the head and the cleaning pad are proximate each other. $ 

13. The method of claim 12, further comprising the step of controlling the amount of force ~ r ^ 
exerted on the head by the cleaning pad to simultaneously clean and prevent damage to the head. 

14. The method of claim 12, further comprising the step of moving the cleaning pad after the 7 . 
1 5 step of providing reciprocal motion to align a second portion of the cleaning pad for proximate 

positioning with the head during a subsequent cleaning cycle. 

15. A method for removing contaminants from a head, said method comprising the steps of: 
a) positioning a first portion of the cleaning pad and the head proximate each other 

and 

20 b) controlling the amount of force exerted on the head by the cleaning pad to 

simultaneously clean and prevent damage to the head. 

16. The method of claim 1 5, further comprising the step of moving the cleaning pad after 
step (b) to align a second portion of the cleaning pad for proximate positioning with the head 
during a subsequent cleaning cycle. 
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1 7. The method of claim 1 6, further comprising the step of providing reciprocal motion 
between the head and the cleaning pad while the head and the cleaning pad are proximate each 
other. 

1 8. A cleaning system for removing contaminants from a removable data storage disk, said 
system comprising: 

a) a housing adapted to receive the disk; 

b) a cleaning pad rotatably mounted within the housing proximate the disk to remove 
the contaminants from the disk; and 

c) a pad-cleaning component in communication with the cleaning pad such that the 
contaminants are removed from the pad. 

19. The cleaning system of claim 18, wherein the pad-cleaning component includes a 
substantially rigid member positioned proximate the cleaning pad as the pad is rotated. 

20. The cleaning system of claim 18, wherein the pad-cleaning component includes at least 
one electrically charged plate in communication with the cleaning pad as the pad is rotated such 
that the contaminants are removed from the pad by electric force. 



BNSDOCID: <WO 9853455A2_I_> 



WO 98/53455 




PCT/US98/10342 



1/10 




Fig. 1 

(PRIOR ART) 



SUBSTITUTE SHEET (RULE 26) 



WO 98/53455 



2/10 



PCT/US98/10342 




Fig. 2 

(PRIOR ART) 



SUBSTITUTE SHEET (RULE 26) 



WO 98/53455 H PCT/US98/ 10342 



3/10 




Fig. 3 

(PRIOR ART) 



BNSDOCID: <WO 9853455A2J_> 



SUBSTITUTE SHEET (RULE 26) 




Fig. 4 

(PRIOR ART) 



BNSDOCID: <WO 98534SSA2_I_> 



SUBSTITUTE SHEET (RULE 26) 




BNSOOCID: <WO 9853455A2_I_> 



WO 98/53455 PCT/US98/10342 



6/10 




Fig. 6 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9853455A2_I_> 



WO 98/53455 




PCT/US98/10342 



7/10 




) 9853455A2_I_> 




Fig. 8 

SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9853455A2_I_> 



WO 98/53455 




PCT/US98/10342 



9/10 




Fig. 9 



SUBSTITUTE SHEET (RULE 26) 



BNSOOCID: <WO 9853455A2_I_> 



WO 98/53455 PCT/US98/I0342 



10/10 




Fig. 10 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9853455A2_L> 



INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 





PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
G11B 5/41, 7/12, 23/50, 21/12 



A3 



(11) International Publication Number: WO 98/53455 

(43) International Publication Date: 26 November 1998 (26.1 1.98) 



(21) International Application Number: PCT/US98/10342 

(22) International Filing Date: 20 May 1998 (20.05.98) 



(30) Priority Data: 

60/047,150 



20 May 1997 (20.05.97) 



US 



(71) Applicant: DIGITAL PAPYRUS CORPORATION [US/US]; 

Suite 440, 2025 Gateway Place, San Jose, CA 95110 (US). 

(72) Inventors: LEE, Neville, K., S.; Honk Kong University of 

Science and Technology, Dept. of IEEM, Clear Water Bay, 
Kowloon, Honk Kong (CN). KATAO, Hisashi; 5940-2, 
Hino, Hino City, Tokyo 191 (JP). 

(74) Agent: ENGELSON, Gary, S.; Wolf, Greenfield & Sacks, P.C., 
600 Atlantic Avenue, Boston, MA 02210 (US). 



(81) Designated States: CN, JP, KR, SG, European patent (AT, BE, 
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE). 



Published 

With international search report. 

(88) Date of publication of the international search report: 

25 February 1999 (25.02.99) 



(54) Title: SYSTEM AND METHOD FOR CLEANING HEAD ASSEMBLIES AND DATA STORAGE DISKS 
(57) Abstract 

A system and method 
effectively cleans head 
assemblies and data storage 
disks without damage. In 
one embodiment, the system 
includes a cleaning pad and 
a head disposed within a 
disk drive. An actuator is 
placed in communication 
with the head such that the 
actuator can produce two 
independent movements 
of the head. One of the 
independent movements 
may include reciprocal 
movement of the head while 
it is proximate the cleaning 
pad. Alternatively, or in 
addition to the reciprocal 
movement, the actuator 
may vary the amount of 
force exerted on the head 
by the cleaning pad. In an 
alternative embodiment, a 

cleaning system for removing contaminants from a removable data storage disk includes a housing adapted to receive the disk and a 
cleaning pad rotatably mounted within the housing proximate the disk to remove the contaminants from the disk. The system further 
includes a pad-cleaning component in communication with the cleaning pad such that the contaminants are removed from the pad. 




»: <WO 9853455A3_I_> 



0 

# * 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz * 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


HZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







BNSOOCID: <WO 9853455A3J_> 



vT^fc\L SEARCH REPORT i j^fc - 

PCT/US 98/10342 



A. CLASSIFICATION OF SUBJECT MATTER ^ „ , , - - 

IPC 6 G11B5/41 G11B7/12 G11B23/50 G11B21/12 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 G11B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. OOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


EP 0 368 242 A (HITACHI LTD) 16 May 1990 


1-3,7,8, 




12,13, 






15,17 


A 


see abstract; figures 1-5,8,9,13,15 


4-6,9-11 




see column 2, line 52 - column 3, line 20 






see column 4, line 29 - column 5, line 6 






see column 5, line 28 - line 33 






see column 6, line 4 - line 9 




X 


PATENT ABSTRACTS OF JAPAN 


12,13, 




vol. 018, no. 394 (P-1775), 22 July 1994 


15,17 




-& JP 06 111351 A (TOSHIBA CORP), 






22 April 1994 






see abstract; figures 1-6 






-/-- 





Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

'A* document defining the general state of the art which is not 

considered to be of particular relevance 
*E" earlier document but published on or after the international 

filing date 

*L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

*0* document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is t'ksn alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

*&' document member of the same patent family 



Date of the actual completion of the international search 

13 November 1998 


Date of mailing of the international search report 

I 6. 11. 98 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Paten tlaan 2 
NL • 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nL 
Fax: (+31-70) 340-3016 


Authorized officer 

Pari set, N 



Porm PCT/ISA/210 (second sheet) (July 1992) 
BNSOOCID: <WO 9853455A3_I_> 



page 1 of 3 



INT^B^ATIONAJL SEARCH REPORT 



JJ 



temati -»l Application No 

PCT/US 98/10342 



C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT j 


Category • 


Citation of document, with indication.where appropriate, of the relevant passages 




X 
A 


PATENT ABSTRACTS OF JAPAN 
vol . 010, no. 284 (P-501), 
26 September 1986 

-& JP 61 104341 A (MITSUBISHI ELECTRIC 
LUKrJ, cc May lyoo 

see abstract; figures 1-5 


1,2,12 

7,15 j 


X 
A 


PATENT ABSTRACTS OF JAPAN 

vol, 016, no, 160 (P-1340), 20 April 1992 

-& JP 04 010210 A (AS AH I OPTICAL CO LTD), 

14 January 1992 

see abstract; figures 1-5 


1.12 
6 


A 


US 5 268 890 A (C0LESC0TT WILLIS G) 

7 December 1993 

see abstract; figures 1-3,5 

see column 2, line 28 - column 3, line 12 

see column 3, line 20 - line 3/ 

see column 4, line 7 - line 22 


1,2,6,12 


A 


US 5 615 196 A (KAT0 KAZUNARI) 
25 March 1997 

see abstract; figures 1-26,9, 8 

see column 7, line 17 - line 35 

see column 12, line 8 - column 13, line 63 


1,2,6,12 


A 


US 5 486 970 A (LEE NEVILLE K ET AL) 

23 January 1996 

cited in the application 

see abstract; figures 5-11 

see column 3, line 3 - column 5, line 32 


1-17 


X 


US 5 467 332 A (TSURUSHIMA KATSUAKI ) 

14 November 1995 

see abstract; figures 3,4 

see column 4, line 18 - column 7, line 30 


18,19 


X 


US 4 241 368 A (KITAM0T0 TATSUJI ET AL) 

23 December 1980 

see abstract; figure 3 

see column 4, line 59 - column 5, line 22 


18,19 


X 


PATENT ABSTRACTS OF JAPAN 

vol. 010, no. 220 (P-482), 31 July 1986 

-i JP 61 057008 A (HITACHI LTD), 

22 March 1986 

see abstract 


18,19 


A 


US 5 228 022 A (C0MPT0N KENNETH C ET AL) 
13 July 1993 

see abstract; figures 1,4-9 
see column 2, line 16 

-/-- 


18,19 



Form PCT/ISA/210 (continuation of »econd •h«et) (July 1992) 
BNSDOCID: <WO 9853455A3_I_> 



page 2 of 3 



INTERNATK 



SEARCH REPORT 



ication No 



Internatio* 

PCT/lb 98/10342 



C.(ContinuatJon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 640 969 A (SH0Y0 SEIKI KK) 
1 March 1995 

see abstract; figures 1-6 

see column 3, line 9 - column 9, line 40 



18 



Form PCT/ISA/210 (continuation ot 
BNSDOCID: <WO 985345SA3J _> 



sheet) (July 1992) 



page 3 of 3 




+ 



INTERNATIONAL SEARCH REPORT 



Inten ^nal application No. 

PCT/US 98/ 10342 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. Claims Nos.. iL . _ 4L _ x 

1 because they relate to subject matter not required to be searched by this Authority, namely: 



2. | 1 Claims Nos 



because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be earned out, specifically: 



□ 



3. Claims Nos 



because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authonty found multiple inventions in this international application, as follows: 

see continuation sheet 



HAs all required additional search fees were timely paid by the applicant, this International Search Report covers all 
searchable claims. 



2. f~n As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invrte payment 
of any additional fee. 



3 I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
I 1 covers only those claims for which tees were paid, specifically claims Nos.: 



4. I I No required additional search fees were timely paid by the applicant. Consequently, 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



this International Search Report is 



Remark on Protest 



| | The additional search fees were accompanied by the applicant's protest. 
| y j No protest accompanied the payment of additional search fees. 



Form PCT/tSA/21 0 (continuation of first sheet (1 )) (July 1 992) 

I: <WO 985345 5A3_I_> 



1 




INTERNATIONAL SEARCH REPORT 



International Application No. PCT7 US 98/10342 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 

1. claims 1-17: 

Cleaning system/method for removing contaminants from a head 
comprising a head, a cleaning pad and a mechanism to control 
the movement of the head with respect to the cleaning pad. 

2. claims 18-20: 

Cleaning system for removing contaminants from a removable data storage 
disk comprising a housing adapted to receive the disk, a cleaning pad 
mounted within the housing for removing contaminants from the disk 
and a pad-cleaning component for removing contaminants from the cleaning pad. 



BNSDOCID: <WO 9853455A3_I_> 



ATIONAL SEARCH REPORT 



fematic ' Application No 



Infu. ..tation on patent family members 


PCT/U* 


98/10342 


Patent document j Publication 
cited in search report date 


Patent family 
member(s) 


Publication 
date 



EP 0368242 



16-05-1990 



JP 
JP 
DE 
DE 



2644858 B 
68924756 D 
68924756 T 



25-08-1997 
14-12-1995 
04-07-1996 



US 5268890 


A 


07-12-1993 


NONE 






US 5615196 


A 


25-03-1997 


JP 
CN 
DE 


8022633 A 
1115097 A 
19523785 A 


23-01-1996 
17-01-1996 
04-01-1996 


US 5486970 


A 


23-01-1996 


US 


5467238 A 


14-11-1995 


US 5467332 


A 


14-11-1995 


JP 


5159528 A 


25-06-1993 


US 4241368 


A 


23-12-1980 


JP 
JP 
JP 
DE 


1294116 C 
53059410 A 
60019071 B 

2748844 A 


16-12-1985 
29-05-1978 
14-05-1985 
11-05-1978 



US 5228022 A 13-07-1993 NONE 



EP 0640969 A 01-03-1995 JP 2722174 B 

JP 7122038 A 12-05-1995 
US 5524313 A 11-06-1996 



Form PCTflSA/210 (patent family annex) (July 1992) 

BNSDOCID: <WO 98534SSA3_I_> 



